Abstract. The Wigner distribution function formalism is applied to the description of transport properties of spintronic multilayer nanodevice. The central layer of the nanodevice is doped with magnetic impurities. The current-voltage characteristics and the spin polarisation of current are calculated.
Introduction
The high precision of techniques based on semiconductor technology enables the construction of semiconductor heterostructure on a nanometre scale. On this length scale, quantum effects determine the basic characteristics of the nanodevice, and the nonclassical behaviour is utilised to design a new generation of digital elements and circuits [1] . The current trends in designing nanodevices are focused on the use and manipulation of the electron charge as well as the spin degree of freedom to enhance the performance of nanodevices. One of the simplest examples of spintronic nanodevices based on the hybrid semiconductor technology is a trilayer nanostructure where two dilute ferromagnetic semiconductors (DMS) are separated by a nonmagnetic semiconductor (NMS) layer [1] .
In this report we analyse the transport properties of a simple model of the spintronic nanostructure DMS/NMS/DMS assuming that the NMS region of nanodevice contains magnetic impurities. Our analysis is based on the quantum kinetic equation for the Wigner distribution function because of its intrinsic interesting description of quantum mechanics and its potential usefulness in the simulation of nanodevice.
The Model nanodevice and method of calculation
The structure and the potential profile of the simulated spintronic nanostructure is shown in Fig. 2 . The total length of the nanodevice is 16 nm with a 4 nm nonmagnetic semiconductor layer of GaN that is separated from the dilute magnetic semiconductor layers of GaMnN by spindependent potential barriers made from AlGaN. The existence of the spin-dependent barriers results from the difference between majority and minority spin electron states at the Fermi level in GaMnN [2] .
We assume the same magnetisation axis for both GaMnN layers and the exchange splitting energy,∆ DM S σ . The magnetic elements (Mn) in the clean layer of GaN are a consequence of the fabrication process. The concentration of impurities is low, and assumed to be smeared out. The impurities can be characterised by a splitting parameter∆ N M S σ , according to [3] 
The impurities in the NMS lead to loss of phase coherence after a time τ ϕ [4] . When a small bias voltage is applied the spin-polarised electrons are in a nonequilibrium state and the spin-polarised current density can be evaluated by the formula
where m is the effective mass of conduction electrons, and ρ σ (x, k) is the Wigner distribution function for electrons with spin σ for a 1-D system. We model the nanostructure in this fashion on the grounds that the system is translationally invariant in the y and z direction. The Wigner distribution function, ρ σ (x, k) can be found by the solution of the simplified version of the quantum kinetic equation [5, 6] , namely
where ρ 0 σ (x, k, t) is the equilibrium distribution function for electrons with spin σ, and the integral kernel U(x, k − k ) represents the non-local potential energy. The form of the integral kernel can be found in [7] . The non-local potential energy includes the band offset, and the smeared impurity potential. We solve the quantum kinetic equation for the Wigner distribution function (3) using the open boundary conditions in the form [8] 
where f
where T is the temperature and µ
is the electrochemical potential of the left (right) DMS.
The numerical calculations were carried out using the computational grid with N x = 116 mesh points for the position x and N k = 314 for the wave vector k. We assume that the conduction electrons are described by the conduction band effective mass of GaN, i.e. m = 0.228 m 0 .
Results and discussion
When the amount of dopants inside the NMS increases, the maximum current density is decreasing in case of the majority carriers by about 15 %. At the same time the maximum value is slightly shifted towards higher voltages for positive values of∆ N M S σ , and toward lower voltages for negative values of∆ N M S σ . Similar shifts are observed for the minority carriers, but with rather insignificant changes of the current density values (less than 2 %).
One of the most important transport characteristics of spintronic nanodevice is the polarisation of the current density that is defined as follows [9] 
Concluding remarks
Using the Wigner distribution function formalism, we investigated the influence of magnetic impurities on the transport characteristics of the spintronic nanodevice DMS/NMS/DMS. We find that the polarisation of the current density is very sensitive to the magnetic impurities which leads to the conclusion that the purity of the non magnetic layer influences the basic transport characteristics of nanodevice. 
